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(57)Abstract: ^ ^ 

PROBLEM TO BE SOLVED: To detect a defect in a 
pattern formed in a semiconductor device during a wafer 
pretreatment process, facilitate extraction and 
observation of the defective portion, improve precision in 
analysis of a cause for the defect and substantially 
shorten a period from the time when a defect occurs to 
the time when the cause is investigated and a 
countermeasure is taken. 
SOLUTION: A defect and the position thereof are 
extracted by using an electron beam. A chip containing 
defects is cut out on the basis of the position information. 
The chip is machined and made thinner to observe a 
cross section in a post-treatment process. Subsequently, 
the sample is observed with a transmission electron 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention inspects the defect of the circuit pattem of a semiconductor 
device using a charged-particle line, and relates to the test equipment of defective inspection and the 
failure-analysis approach of a semiconductor device pattem of analyzing the cause of a defect, defective 
inspection and the failure-analysis system of a semiconductor device pattem, and the semiconductor 
device pattem used for it 
[0002] 

[Description of the Prior Art] Since it corresponds to high integration of the semiconductor device 
represented by semiconductor memory and the semi-conductor accumulation arithmetic element in 
recent years, detailed-izing and multilayering of a circuit pattem progress quickly, and a new process 
technique has been adopted. In connection with this, the fall of the manufacture yield of the 
semiconductor device resulting from the various defects of the lower layer structure of the 
semiconductor device formed in the semi-conductor wafer is posing a big problem. 
[0003] Drawing 2 is drawing of longitudinal section of the part near the front face of a semiconductor 
device 1 1 . For example, he is trying for the semiconductor device 1 1 as shown in drawing 2 to connect 
electrically the upper wiring layer and the upper substrate layer 22 which show the middle of a 
production process, form a plug 21 above the substrate layer 22, and are formed at a process after this. In 
this process, the defective continuity by the insulator layer residue between a plug 21 and the substrate 
layer 22 may occur. Moreover, when forming the gate electrode 23, the matter of the same electrical 
conductivity as the circumference of the gate electrode 23 is formed, and the short-circuit between the 
gate electrode 23 and a plug 21, tiie short-circuit between the substrate layers 22, etc. may occur. 
[0004] With the test equipment using the reflected light from the former, since it is difficult to detect 
these defects inside a semiconductor device, the defect is analyzed at the step as shown in drawing 3 . 
[0005] Drawing 3 is a flow chart which shows the step of defective inspection of the conventional 
semiconductor device. The pattem formation of a semiconductor device is completed among 
semiconductor device production processes, and as mentioned above, since defective detection in the 
middle of the process, before a wafer is difficult, before starting each of chips from the wafer after 
termination of the process before a wafer (step 30), the probe test (step 31) which is an electric 
functional test is carried out, and if it is a semiconductor device, for example, memory, the good of all 
bits and a defect will be judged. Then, the fail bit map which shows the coordinate of a defect bit is 
created (step 32). It carries out based on the data of this fail bit map, and an object chip is cut down from 
a semi-conductor wafer, to the layer of the production process presumed that there is a defective part 
which is a defect's cause of generating, after passing through the process (step 33) which removes the 
surface layer of a semiconductor device by etching, a defective part is observed with a scanning electron 
microscope (Scanning Electron Microscope) (step 34), and cause investigation of a defect is performed. 
[0006] Or the defective part of the cut-down chip is thin-fihn-ized to a lengthwise direction, a cross- 
section observation sample is created (step 35), the cross section of a defective part is observed using a 
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transmission electron microscope (Transmission Electron Microscope) or a scanning transmission 
electron microscope (Scanning Transmission Electron Microscope) (step 36), and cause investigation of 
a defect is performed. However, in order that a defect's generating and location may become clear for 
the first time by the probe test after before [ a wafer ] process termination ( step 3 1), since several 
months may be take to result in cause investigation of a defect, and manufacture will be continue in the 
meantime while the manufacture yield of a product have be bad, the economic loss in the approach of 
the conventional inspection be plan, and neither be find. 
[0007] 

[Problem(s) to be Solved by the Invention] the purpose of this invention be raise the analysis precision 
of the cause of a defect and offer defective inspection and the failure analysis approach of the 
semiconductor device pattem which can shorten sharply the period from defective generating to cause 
investigation and a cure , defective inspection and the failxire analysis system of a semiconductor device 
pattem , and the test equipment of a semiconductor device pattern by detect the defect of the pattem 
form in a semiconductor device in the middle of the process before a wafer , and make easy further an 
extract and observation of the defective part . 
[0008] 

[Means for Solving the Problem] This invention extracts a defect and its location using a charged- 
particle line, especially an electron ray, in order to attain the purpose of above-mentioned this invention, 
cuts down the chip which has a defect based on this positional information, and processes and flake-izes 
it for cross-section observation of a back process, next the sample observes with a transmission electron 
microscope or a scanning transmission electron microscope, and it has the configuration which consists 
of a process which studies the cause of a defect. 

[0009] In this configuration, since a defect is inspected using the wafer visual-inspection equipment into 
which an electron ray current and a moderation electrical potential difference are changeable using an 
electron ray, by observation of the front face of a wafer, this invention has the undetectable description 
that the defect resulting from the defect of the intemal structure of a semiconductor device is detectable. 
[0010] Moreover, by attaching a mark to a defective location or near, or counting the number from the 
criteria location of a pattem to a defective location correctly in quest of the coordinate of a defective 
location, at a back process, the location of the detected defect is checked easily and can be pinpointed 
[001 1] Moreover, since the sample containing a defective part is observed with a transmission electron 
microscope or a scanning transmission electron microscope, the gestalt of a defect can distinguish easily 
and becomes possible [ studying the cause of generating of a defect quickly easily ]. 
[0012] Since detection of a defect and investigation of that cause of generating are attained and it 
becomes unnecessary to wait to the final process of a probe test like before in the middle of the process 
before a wafer by this system, it comes to be able to do discovery and its cure of a defect for a short 
period of time. Therefore, at the time of development of a semiconductor device, the period can be 
shortened sharply. Moreover, since a defect can be discovered before the defect discovery by the final 
process at the time of device mass production and cause investigation and a cure can be done for a short 
period of time, the product term of the defective by the fall of the manufacture yield can be shortened 
sharply. 
[0013] 

[Embodiment of the Invention] Hereafter, a typical example of the defective inspection and the failure- 
analysis system of the semiconductor device pattem concerning this invention is explained using a 
drawing. 

[0014] The perspective view of the sample in each of the procedure of inspection which showed the 
flow chart which shows the procedure of inspection [ in / in drawing 1 / the example of this invention ], 
the perspective view showing the appearance of the test equipment with which drawing 4 is used for 
defective inspection and the failure-analysis system of a semiconductor device pattem, drawing of 
longitudinal section in which drawing 5 shows the outline stmcture of electron ray type wafer visual- 
inspection equipment, the flow chart which show still more concretely the procedure of inspection 
which showed drawing 6 in drawing 1 , and drawing 7 in drawing 1 , and drawing 8 are the perspective 
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views of the sample of a scanning transmission electron microscope. Moreover, drawing 4 (a) is 
[ convergence ion beam (Focused Ion Beam) equipment and drawing 4 (c) of electron ray type wafer 
visual-inspection equipment and dravying 4 (b) ] the perspective views of a scanning transmission 
electron microscope. In drawing 1 , FIB and a transmission electron microscope are abbreviated to 
TEM, and the scanning transmission electron microscope is abbreviated for convergence ion beam 
equipment to STEM. The defect on a wafer is inspected using the electron ray type wafer visual- 
inspection equipment which showed the procedure of inspection to drawing 4 (a) in drawing 1 at the 
time of the arbitration of the production process of a semiconductor device (step 101), Next, the micro 
sampling which starts the minute test piece which contains a defective part from a wafer with the 
convergence ion beam equipment shown in drawing 4 (b) is performed (step 102). Next, with the same 
convergence ion beam equipment, a minute test piece is carried on the sample holder which can be used 
in common with convergence ion beam equipment, a transmission electron microscope, or a scanning 
transmission elecfron microscope, the defective part of a minute test piece is flake-ized using 
convergence ion beam equipment, and the sample for cross-section observation is created (step 103). 
Finally the flake-ized sample is observed using thin film cross-section observation equipments, such as a 
scanning transmission electron microscope shown in a transmission electron microscope or drawing 4 
(c), (step 104), and an operator clarifies Ihe cause of generating of the defective part detected with 
electron ray type wafer visual-inspection equipment. 

[0015] Drawing 5 is drawing of longitudind section showing the outline structure of the electron ray 
type wafer visual-inspection equipment shown in drawing 4 (a). This equipment is indicated by JP,10- 
294345, A, JP,1 1-51886,A, etc., a body consists of a electron optics column 60, an evacuation room 70, 
and a sample room 71, and auxiliary equipment, such as a control unit 77, is formed outside. 
[0016] The electron optics column 60 mainly consists of the electron source 61 which generates an 
electron beam 62, a condensing lens 63 which completes an electron beam 62 as a wafer 65, an objective 
lens 64, and a deflector 66 which deflects an electron beam 62, It consists of detectors 68 which detect 
the optical microscope 73 which observes a wafer 65 with light, and the secondary electron 67 generated 
by the exposure of an electron beam 62 for the alignment of the stage 72 and wafer 65 which put a wafer 
65 on the sample room 71 . It becomes a picture signal in the image formation unit 74, and a defect is 
extracted using an image through a bus 78 in the defective distinction unit 75, it is displayed on a 
monitor unit 69, or the signal detected by the detector 68 is outputted to an extemal database via LAN. 
[0017] The picture signal formed in the image formation unit 74 is memorized to memory 76, is 
compared with the picture signal formed from the following signal, and the difference between two 
images is extracted as a defect, and it is displayed on a monitor unit 69. 

[0018] Since the location of the wafer 65 with which an electron beam 62 is irradiated is determined 
based on the positional information of the stage 72 checked under the optical microscope 73, the 
positional information of the defect at this time can be determined from the positional information of a 
stage 72, and the electron beam image on a monitor unit 69. 

[0019] These actuation, actuation of a stage, the deviation of an electron beam 62, etc. are controlled by 
the control signal calculated with the microcomputer of a control unit 77. An operator inputs the 
conmiand of the identifier and hysteresis of a wafer 65, a verification condition, or actuation before 
inspection. 

[0020] This wafer visual-inspection equipment has the description in the point that the defect resulting 
from the defect of the intemal structure of a semiconductor device who cannot detect is detectable, from 
observation of the front face of a wafer 65 like [ at the time of the moderation electrical potential 
difference when reaching to the current of an electron beam 62 and a wafer 65 being changed, and using 
optical visual-inspection equipment by these adjustments ]. For example, it is possible to detect un- 
flowing [ which was shown in drawing 2 ] and which short defect by the potential contrast effectiveness. 

[0021] In drawing 6 , the positional information of the defect of a wafer is attached at step 42 after the 
above-mentioned electron ray type defective inspection of step 41 . In drawing 7 (a), a mark is attached 
near the defective location so that a location can check easily the location of the defect 106 detected on 
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the wafer 105 with the convergence ion beam equipment of a back process. Or the coordinate of a 
defective location or near is searched for correctiy, and the equipment and the coordinate of a back 
process are communalized Or the equipment and coordinate transformation of a back process are made 
easy. 

[0022] In the example of drawing 7 (b), it is the case where the plug 21 shown in drawing 2 has come 
out to the front face as a pattern of a round configuration, and the case where the plug 21 which does not 
flow according to the potential contrast effectiveness to the substrate layer 22 shown in drawing 2 is 
detected as a defect 106 of a dark pattern to other normal plugs is shown. After defective extract 
termination, in order to clarify the location of the defect 106, a mark 107 is attached around a defective 
part with the electron beam of test equipment. Or a mark 107 may be attached using the review 
equipment which is detected and can check a defect by the potential contrast effectiveness. 
[0023] Next, based on the positional information of the above-mentioned defect, the minute test piece 
108 including the defect 106 shown in drawing 7 (c) is cut and started from a wafer 105 at step 45 of 
drawing 6 using the convergence ion beam equipment shown in drawing 4 (b) which has a micro 
sampling function. And as shown in drawing 7 (d), the minute test piece 108 is carried on the sample 
holder 109, and it fixes. The technique indicated by JP,5-52721,A is known about the micro sampling 
technique of taking up the minute test piece 108 using FIB equipment. 

[0024] Next, with convergence ion beam equipment, as shown in drawing 8 , the minute test piece 108 
is flake-ized in the condition of having been carried in the sample holder 109, and the flake-ized section 
110 is created. 

[0025] Flake-ized processing of a sample and the workability of cross-section observation can improve 
sharply by using the same sample holder 109 with the transmission electron microscope for cross- 
section observation of a flake-ized sample or the scanning transmission electron microscope shown in 
drawing 4 (c), and convergence ion beam equipment. The technique indicated by JP,6-103947,A is 
known about this technique. 

[0026] About the approach of pickup of the minute test piece 108, as described above, there is the 
approach of sampling directly from a wafer 105, and as shown in steps 43-44 of drawing 6 , it is also 
possible to cut the chip containing a defective part 106 from a wafer 105, to take out, and to sample 
[ continuously ] the minute test piece 108 using FIB similarly from this chip. It becomes possible to take 
up efficiently based on the mark Sagitta label information which shows the location of a defective part 
also in this case. 

[0027] Thus, flake-ized processing of the sample of step 46 and cross-section observation of step 47 are 

performed. 

[0028] Next, the technique of forming the mark which shows the location of the detected defect is 
explained using drawing 9 . Drawing 9 is the perspective view of an example of a semiconductor device 
pattern. A pattern is a pattern of the plug shown in drawing 7 (b). To the defect 106 detected in the 
electron ray type wafer visual-inspection equipment shown in drawing 4 (a), it is made in agreement in 
the array direction of a pattern, and forms around it by irradiating an electron beam 52 and scanning the 
mark 107 of the shape of two Rhine, the direction of X, and the direction of Y, into the part of a mark 
? 107. Since the gas containing carbon etc. exists in the upper part of a wafer, a deposition phenomenon 
occurs by irradiating an electron beam 52 and scanning it into the part of a mark 107, and a mark 107 
can be formed. 

[0029] Moreover, by supplying the gas 51 for deposition around a defect 106, irradiating an electron 
beam 52 and scanning it into the part of a mark 107, the gas 51 for deposition can decompose and a 
mark 107 can also be formed on a wafer. The direction which supplied the gas 51 for deposition can 
form a mark 107 certainly. 

[0030] When the coordinate data of a defect tends to search for a location, without attaching the mark 
which shows the location of a defect like the example mentioned above, there are the following 
problems. Generally, the error of distortion or a scale exists in the image of electron ray type wafer 
visual-inspection equipment or convergence ion beam equipment, respectively. It is very difficult to 
amend these errors correctly between equipment, a repetition pitch be 0. 1 . if it be going to pinpoint a 
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defective part in an image only with coordinate data using the electron ray type wafer visual inspection 
equipment and the convergence ion beam equipment which have an error in the case of the pattem of the 
semiconductor device which consist of repetition patterns of the same configuration below micron 
meter , in the coordinate data in which the distance from a criteria location to a defect be show , the 
normal patteru of the next door of a defect may be incorrect - recognize to be the location of a defect . If 
a defect is observed using the convergence ion beam equipment shown in drawing 4 (b), xxnlike the 
signal from a defective part, and the signal from other normal sections, it will be detected by the 
potential contrast effectiveness like electron ray type wafer visual -inspection equipment in many cases. 
Therefore, based on the coordinate data of the defect detected with electron ray type wafer visual- 
inspection equipment, positioning of a wafer or a chip is performed within convergence ion beam 
equipment, and a defect is put in in the observation visual field of convergence ion beam equipment, 
next a defect is clearly identified according to the potential contrast effectiveness. Thus, if convergence 
ion beam equipment is used, it is possible to find tiie location of a defect easily. 
[003 1] Moreover, in the case of the sample which does not have the enough potential contrast 
effectiveness ****, a defect can be specified by counting the number of the patterns from a criteria 
location to a defect. In the case of the pattem of a semiconductor device, the pattem which has 
repeatability a certain defined period is xised in many cases. A typical thing is an opening pattern for 
burying the plug which connects the upper layer and a lower layer. In electron ray type wafer visual- 
inspection equipment, using the coordinate data from a criteria location in which the location of a defect 
is shown, the number of cycles of the pattern to a defective location can be computed, and the location 
of a defect can be pinpointed at coimting the number of cycles of the pattem from a criteria location with 
convergence ion beam equipment. It not only counts one pattem at a time, but it may count some 
settlements as a lot. Of course, although an operator may carry out this count, the defective specification 
unit which specifies said defect out of two or more patterns displayed on the screen is prepared in 
equipment. 

[0032] Furthermore, the coordinate data given is changed into the pattem number of cycles from a 
criteria location to the location of a defect in convergence ion beam equipment. Using the observation 
image of the convergence ion beam equipment of the target sample, from the number of repetition 
pitches of the pattern per 1 -pixel size, compute the amount of amendments of an image distortion and it 
carries out based on the amount of amendments. The defective specification unit which specifies said 
defect out of two or more patterns displayed on the screen in the distance from a criteria location to a 
defective location as found out the defective location on the basis of the number of pixels is prepared 
[0033] Thus, since the location of the defect section resulting from the defect which detects a defect with 
electron ray type wafer visual-inspection equipment, and cannot be detected only from the shape of 
sxu-face type of a semiconductor device can be clarified, it is effective in the ability to improve a 
subsequent analysis precision and the analysis effectiveness of the cause of a defect Moreover, it 
becomes possible to analyze the cause of a defect efficiently by sampling a minute test piece including 
the defect detected using electron ray type wafer visual -inspection equipment using convergence ion 
beam equipment, and carrying it in the cross-section observation equipment of the flake-ized sections, 
such as a scanning transmission electron microscope, and a common sample holder. 
[0034] 

[Effect of the Invention] As stated above, according to this invention, by detecting the defect of the 
pattem formed in a semiconductor device in the nuddle of the process before a wafer, and making an 
extract and observation of the defective part easy furflier, the analysis precision of the cause of a defect 
be raised and it be effective in the ability to shorten sharply the period from defective generating to 
cause investigation and a cure. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Defective inspection and the failure-analysis approach of the semiconductor device pattern 

characterized by to have the defect of a semiconductor device pattern, the process which extract the 
location, the process which determine and start the location of the minute test piece which has said 
defect based on the information on this location, the process which flake-ize a part of said started minute 
test piece, and the process which observe this flake-ized part with an electron microscope, and study the 
cause of said defect using an electron ray 

[Claim 2] The electron ray type wafer visual-inspection equipment which detects the defect of said 
semiconductor device pattern from the signal which irradiates an electron ray at the semiconductor 
device pattem formed in the semi-conductor wafer, and is generated. The convergence ion beam 
equipment which carries said minute test piece to a sample holder, and flake-izes this a part of minute 
test piece while starting a minute test piece including said defect from said wafer, Defective inspection 
and the failure-analysis system of the semiconductor device pattem characterized by having the 
transmission electron microscope which irradiates an electron ray at the part by which said minute test 
piece carried in said sample holder was flake-ized, and observes said defect. 
[Claim 3] In order to determine the location of this defect based on the positional information of the 
defect of the semiconductor device pattem formed in the semi-conductor wafer, to start a minute test 
piece including said defect from said wafer, to observe said defect and to study the cause of this defect 
Test equipment of the semiconductor device pattem characterized by having the defective detection unit 
which detects the defect of said semiconductor device pattem from the signal which irradiates an 
electron ray at said wafer and is generated, and the positional information setting device which sets up 
the positional information of this defect. 

[Claim 4] Said positional information set up with said positional information setting device in the 
publication of claim 3 is test equipment of the semiconductor device pattem characterized by irradiating 
said electron ray and being formed in said wafer. 

[Claim 5] Said positional information set up with said positional information setting device in the 
pubhcation of claim 3 is test equipment of the semiconductor device pattern characterized by what it 
opts for based on the number of the patterns formed in the coordinate and said wafer of said defect. 
[Claim 6] An electron ray is irradiated to the 1st and 2nd fields of the semiconductor device pattem 
formed in the semi-conductor wafer. The electron ray type wafer visual-inspection equipment which 
forms the image of the field irradiated by detecting the generated secondary electron, compares the 
image of said 1st field with the image of said 2nd field, and detects the defect of said semiconductor 
device pattem, While extracting the sample for observation including said defect detected by this 
electron ray type wafer visual-inspection equipment Defective inspection and the failure-analysis system 
of the semiconductor device pattem characterized by having the convergence ion beam equipment 
which carries and thin-film-ization-processes this sample for observation into a sample holder, and the 
transmission electron microscope which irradiates an electron ray at the sample for observation carried 
in said sample holder, and observes said defect. 
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[Claim 7] The electron optics column which irradiates an electron ray to the 1st and 2nd fields of the 
semiconductor device pattern formed in the semi-conductor wafer, ITie defective detection unit which 
detects the generated secondary electron, forms the image of an exposure field, compares the image of 
said 1st field with the image of said 2nd field, and detects the defect of said semiconductor device 
pattern. Test equipment of the semiconductor device pattern characterized by having mark formation 
equipment which forms the mark which shows the location of this detected defect. 
[Claim 8] It is test equipment of the semiconductor device pattem characterized by for said mark 
formation equipment irradiating said electron ray in the publication of claim 7 at said semi-conductor 
wafer, and forming said maik. 

[Claim 9] By positioning said semi-conductor wafer based on the coordinate which shows the location 
of the defect of said semi-conductor wafer detected from the secondary electron which irradiates an 
electron ray and is generated to the semiconductor device pattem formed in the semi-conductor wafer 
Test equipment of the semiconductor device pattem characterized by having the monitor unit which 
displays said defect on a screen, and the defective specification unit which specifies said defect out of 
two or more patterns displayed on the screen using the positional information of said defect. 
[Claim 10] An electron ray is irradiated to the 1st and 2nd fields of the semiconductor device pattem 
formed in the semi-conductor wafer. Form the image of the field irradiated by detecting the generated 
secondary electron, compare the image of said 1st field with the image of said 2nd field, and the defect 
of said semiconductor device pattem is detected. Defective inspection and the failure-analysis approach 
of the semiconductor device pattem characterized by carrying and thin-film-ization-processing this 
sample for observation into a sample holder, irradiating an electron ray at the sample for observation 
carried in said sample holder, and observing said defect while extracting the sample for observation 
including said detected this defect. 

[Claim 1 1] The process which irradiates an electron ray to the 1st and 2nd fields of the semiconductor 
device pattem formed in the semi-conductor wafer, The process which detects the secondary electron 
generated by the exposure of this electron ray, and forms the image of an exposure field, Defective 
inspection and the failure-analysis approach of the semiconductor device pattem characterized by having 
the process which compares the image of said 1st field with the image of said 2nd field, and detects the 
defect of said semiconductor device pattem, and the process which forms the mark which shows the 
location of the this detected defect 

[Claim 12] Defective inspection and the failure-analysis approach of the semiconductor device pattem 
characterized by irradiating said electron ray at said semi-conductor wafer, and forming said mark in the 
publication of claim 1 1 at the process which forms said mark. 

[Claim 13] The process which irradiates an electron ray at the semiconductor device pattern formed in 
the semi-conductor wafer. The process which detects the defect of said semi-conductor wafer from the 
secondary electron generated by the exposure of this electron ray, The process which positions said 
semi-conductor wafer based on the coordinate which shows the location of this defect. Defective 
inspection and the failure-analysis approach of the semiconductor device pattem characterized by having 
the process which displays said defect on the screen of a monitor unit, and the process which specifies 
said defect out of two or more patterns displayed on said screen using the positional information of said 
defect. 



[Translation done.] 
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